In this issue, Dr. D'Oyley reports a rather provocative approach to the perioperative management of hyponatremia, using data from two patients who underwent orthotopic liver transplantation. The author suggests that the routine administration of intravenous furosemide to induce a supranormal diuresis provides a better intraoperative control of serum sodium levels, which can potentially improve the long-term outcome.
Hyponatremia is common in patients with chronic liver disease because of low sodium diets, impaired renal handling of free water, and elevated levels of antidiuretic hormone. It may be exacerbated by aggressive diuretic use and is commonly treated with discontinuation of diuretics combined with free water restriction. Despite the evidence that a major tubular effect of furosemide is to inhibit sodium reabsorption in loops of Henle, it has been shown that the administration of the diuretic may result in a net increase in free water excretion in selected patients [1] . The suggested mechanism for an improved water excretion is through an incomplete osmotic equilibration that is achieved during high rates of flow through collecting ducts. Moreover, furosemide may interfere with proximal tubular reabsorption, resulting in an increased delivery of tubular fluid to diluting sites that are unaffected by the drug, and a net increase in the volume of dilute tubular fluid. Therefore, the proposed approach to administer furosemide during liver transplantation may in selected patients result in better perioperative control of hyponatremia. However, cirrhotic patients who require liver transplantation are severely compromised, and have variable degree of renal impairment, [2] making the response to furesmide very unpredictable. Consequently, routine use of furosemide is currently not advised in these patients because it can lead to a worsening of the hyponatremia or too rapid a correction of Severe hyponatremia is generally considered a contraindication for surgery because of the risk of hepatic encephalopathy and central pontine myelinolysis (CPM). Indeed, it has been shown that hepatic encephalopathy is independently associated with serum hyponatremia [3] . In cirrhosis, ammonia and other neurotoxins induce a low grade cerebral edema, possibly by inducing the synthesis of the osmotically active glutamine in the astrocytes. Moreover, with decreased levels of serum sodium, the osmolality of the extracellular fluid falls. [4, 5] . This results in a chronic loss of the organic osmolytes, which may predispose the brain to demyelinative lesions upon correction of the hyponatremia [6, 7] .
Whereas excessively slow correction of hyponatremia is associated with increased morbidity and mortality, inordinately rapid treatment may cause CPM. CPM or osmotic demyelination syndrome is a disorder of pontine white matter as well as other areas of cerebral white matter that was first described in alcoholics. It produces insidious flaccid quadriplegia, mental status change and cranial nerve abnormalities with the pseudobulbar palsy appearance. CPM has been reported in up to 10% of patients after liver transplantation [8, 9] . The rate of correction of hyponatremia appears to be of importance in these patients, and a slow correction does not result in CPM [10] . Nevertheless, the magnitude of the change in sodium levels may be of greater significance, as evidenced by data from other studies in which the rate of correction correlated poorly with the development of CPM [11] . Features that are common in patients who develop CPM include delay in the diagnosis of hyponatremia, rapid correction (>135 mEq/L) within 48 hours of the initiation of therapy, increase of serum sodium by greater than 25 mEq/L within 48h, and overcorrection of serum sodium in patients with hepatic encephalopathy [10] . Patients with acute symptomatic hyponatremia and convulsions, stupor or coma should, nevertheless, be treated promptly, since the presence of these CNS symptoms is associated with brain edema and may herald impending herniation and cardiorespiratory arrest.
Although preoperative correction of hyponatremia has not been shown to improve outcome [12] , it can not be concluded that the intraoperative sodium correction (e.g. through administration of furosemide) is a better therapeutic approach. It is, nevertheless, reasonable to extend the preoperative management of hyponatremia into the intraoperative and postoperative phases of the surgery, with the goal of consistent yet gradual normalization of the serum sodium levels. Frequent control of levels and assessment of neurological examination are of particular importance, and therapy should be modulated accordingly. Despite the association between hyponatremia and poor outcome after transplantation, treatments directed at normalization of serum sodium alone may be unlikely to reduce the perioperative morbidity and mortality, unless other associated problems such as hemodynamic instability, coagulation disturbances and functional status are also corrected. Dr. D'Oyley observation based on these two patients is interesting but we caution against generalizing the suggested approach to all transplant patients. Additional data or a randomized study is warranted.
